The aim of this research was to establish the reliability and factorial validity of different isometric basic characteristics of F-t curve related to leg extensors in well trained and healthy Serbian males and females. Sample consisted of 159 examinees. In order to assess characteristics of the F-t isometric leg extensor force, tensiometric probe and standardized "seating leg extension" test were used. The measurement range was defined by 4 variables regarding the contractile characteristics of the leg extensor isometric muscle force -1) the level of the achieved maximal force -F maxLEGEXTISO , 2) the indicator of basic (general) level of rate of force development -RFD BASICLEGEXTISO , 3) the time necessary to reach maximal force -tF maxLEGEXTISO , 4) basic synergy index. The results showed a high statistical significance of p<0.001 in representability, generalizability and reliability for all the characteristics observed in both genders (Spearman-Brown r -0.715 to 0.967 for males and 0.713 to 0.941 for females). As for the methodology aspect of testing, the factor analysis demonstrated the necessity of conducting at least three trials, choosing the best result from the two last trials.
INTRODUCTION
HE RESULTS of numerous researches showed that muscle force and the lower extremity strength have significant influence on executing different technicaltactical demands in many sports -athletics [1] , cycling [2] , basketball [3] , volleyball [4] - [10] , handball [11] , football [12] , skiing [13] , weight lifting [14] , [15] etc. Because of that, adequate preparation of the leg extensors is highly important especially in sports which involve different jumping techniques, frequent changes of direction in frontal and lateral plane, numerous high and long jumps. Values of developed force in the function of time generated during the isometric (static) muscle contraction, with its own characteristics (F-t curve characteristics) are the fundamental data on contractile ability. Therefore, information on F-t curve characteristics of a certain muscle group is the basic information on the athlete's ability which is gathered with intention to control the athlete's physical preparation [16] .
In order to make high-quality decisions, based on data mentioned above, a measuring instrument needs to be used for its theoretical purpose. The measured data of physical characteristics need to have compatible results in the repeated trials, each and every trial needs to be precise, the result of the measurement needs to be compatible with the object of measurement, and respectively measurement needs to have appropriate metric characteristics [17, 18] . Analyzing available literature, especially the researches that examined the validity of different muscle group measurements in isometric regime, it could be concluded that the opinions are divided. Practically, there are no data on the validity result for evaluating F-t curve characteristics regarding the sexual dimorphism. Therefore, in order to collect information that is in correlation with observing, controlling and analyzing the athlete's physical shape, and that is relevant for achieving the highest results in numerous sports, it is necessary to examine metric characteristics of different parameters of the leg extensor isometric force as a first methodological step at the general informative level, considering testing in sports. In order to assess validity of the measuring instrument for evaluating maximal leg extensor isometric force, 99 males and 60 females were examined with the tendency to analyze basic metrological characteristics of the measuring instrument, the measuring procedure and different parameters of isometric muscle force. The second goal was to calculate normative values of the observed leg extensor F-t isometric characteristics for a healthy and well trained population of both genders.
SUBJECT & METHODS
The subject sample included 159 examinees, 99 well trained and healthy Serbian male (Football N=28, Water polo N=19, Basketball N=41, Control group well trained N=11) and 60 well trained and healthy Serbian female athletes (Track and field N=7, Volleyball N=14, Orienteering N=3, Handball N=24, 
A. Variables
The isometric basic F-t characteristics of the leg extensors were evaluated using the 4 variables:
• The level of achieved maximal force -F maxLEGEXTISO , expressed in N;
• The indicator of basic (general) level of rate of force development of leg extensors was done by applying the following procedure [8] , [19] :
where: F maxLEGEXTISO represents the maximal value of isometric leg extensor force achieved, while tF maxLEGEXTISO represents the time in ms necessary to reach it, expressed in N·s -1 .
• Basic Synergy Index, as a criterion for evaluating the relation between general level of rate of force development of leg extensors and the level of maximal force [6] , [8] , [19] :
where: RFD BASICLEGEXTISO represents the value of general level of rate of force development of leg extensors, while F maxLEGEXTISO represents the value of leg extensor maximal isometric force, expressed in index values.
• Time necessary to reach maximal force -tF maxLEGEXTISO in ms.
B. Measuring procedure
In order to assess the contractile characteristics of leg extensor isometric muscle force (bilateral), standardized equipment was used, i.e. metal device for measuring leg extensor isometric force, a tensiometric probe and standardized "seating leg extension" test were used following the earlier described procedures [6] , [8] . The testing was carried out by the hardware-software system (Nikola Tesla Institute, Belgrade) (Fig.1) . The tensiometric probe was connected to the force reader (force indicator) and to the PC (Fig.1) . The tests were carried out under isometric conditions of exertion with the knee joint at the angle of 120°, and with the ankle joint at 90° (Fig.2) . The examinees made their attempt after the sound signal. Each examinee had four attempts, with one minute rest between trials. The result was automatic, measured by tensiometric sounding device and hardware-software system, recorded in special database with the possibility of F-t curve inscription control.
C. Statistical procedure
All the variables were subjected to descriptive statistical analysis, correlation, factor and structural equation modeling analysis. Each muscle mechanical characteristic obtained during the test trials was represented by one item used in multivariate data analyses [20] . Raw results were processed using the descriptive statistical analysis in order to calculate ). The factor analysis showed that the results of the second trial described the highest common variability for following variables: for RFD BASICLEGEXTISO 0.873, for IndexSNG BASIC 0.827, for tF maxLEGEXTISO 0.845, while for F maxLEGEXTISO this happened in third trial -0.986 but the second was similar, 0.985. In female examinees the second trial described the highest common variability for all the observed variables: for RFD BASICLEGEXTISO 0.883, for IndexSNG BASIC 0.878, for tF maxLEGEXTISO 0.881, for F maxLEGEXTISO 0.979.
Based on the obtained values of measured contractile leg extensor characteristics for the total sample, applying metrological procedure for defining standards in sport [21] , we were able to evaluate standards which we used to rank examinees into seven categories in regard to the level of different ability: superior -7, excellent -6, good -5, average -4, satisfying -3, not satisfying -2, bad -1. In order to define standards for the measured characteristics of leg extensor muscle force, we used data of measuring trial that showed the highest mutual variability. It was the second trial (Table 4) in both male and female examinees. Standard values are shown in Table 5 . General validity of the test was very high in each and every test, 95.78% for test 2 to 97.81% for test 4 of valid variance (as a factorial analysis variance explanation), which means that test (seating position) and measuring instrument with applied measuring procedure was highly reliable in measuring variables (Graph 1).
DISCUSSION
Mean value of the observed contractile characteristics found earlier for well-trained young males corresponds excellently with the present data (RFD BASICLEGEXTISO = 5672.39 N·s -1 , IndexSNG BASIC = 1.5217 [7] ; for elite volleyball players corresponds well F maxLEGEXTISO = 4080.47 N, RFD BASICLEGEXTISO [6] . The indicators of variability, i.e. sensitivity (cV%) show that the results are reliable for almost all variables and they are beyond the acceptable range of about 40% of mean. Vitasalo and associates [22] established that the cV% of RFD (in single joint muscles) is four times higher than the cV% of F max , while simultaneous isometric test on both legs had cV% for RFD approximately three times higher than cV% for F max [25] and multi-joint isometric test had cV% for RFD approximately two times higher than cV% for F max [26] . Present data suggest that with the isometric leg test in seating position the cV% of RFD BASICLEGEXTISO is between 1.17 to 1.9 times higher than cV% of F maxLEGEXTISO in male (Table 1 ) and between 1.79 to 2.08 times in female examinees (Table 2) , so it is proposed that greater discrepancies between the results and the mean value are due to the method chosen to test these muscle characteristics.
In regard to gender differences, the results are similar to those in previous researches [3] , [6] - [8] , [25] , [26] . The most noticeable feature among the examined characteristics in this research is that the difference between the observed variables, regarding the gender, decreases during the measurement trials. The minimal difference is in the fourth trial (Table 1 and 2) .
The results of the structural equation modeling showed statistically significant reliability of the test at p<0.000 for all the characteristics observed (Table 3) . In males the test described 71.5 to 77.6% of the variability of IndexSNG BASIC area, 76.6 to 82.8% of the variability of tF maxLEGEXTISO area, 79.6 to 83.3% of the variability of RFD BASICLEGEXTISO area and 96.7 to 98.0% of the variability of knee extensor F maxLEGEXTISO area, while in females 71.3 to 78.8% of the variability of IndexSNG BASIC area, 75.3 to 80.7% of the variability of tF maxLEGEXTISO area, 76.5 to 83.8% of the variability of RFD BASICLEGEXTISO area and 94.1 to 96.2% of the variability of knee extensor F maxLEGEXTISO area (SpearmanBrown rtt and Cronbach Alpha, respectively - Table 3) .
Studying literature that examined reliability and variability of measurement in different muscle groups in isometric regime, we can conclude that the opinions on this subject are different. Different results can partially come from the equipment, from differences in applied methodology or from different reliability due to different muscle group testing. Wilson and Murphy [27] obtained smaller correlation coefficients in RFD (r=0.84) than in F max (r=0.96), while certain researchers [28] obtained higher correlation coefficients in RFD (0.83 to 0.94) than in F max (0.64 to 0.91). Presumably, those differences came as a result of differences among muscle groups. Certain researchers, on the other hand, consider the frequency of data recording as a factor for reliability. The structure of test battery and the number of repetitions during the measuring should be taken into consideration as well [23] , [28] .
Some other factors can affect reliability of the obtained results. Certain authors [29] believe that, in cases where the variable F max and RFD are measured, it is necessary to carry out two measurements with different commands (hard, respectively hard and fast), and in case of time limitation, the hardest and the fastest [28] . According to Sahaly and associates [29] the obtained differences in isometric explosive leg extensor force at the value of almost 5000 N·s -1 in regard to different command are significant (9739 N·s -1 measured force on command hard and fast and 14189 N·s -1 on command fast). On the other hand, measuring maximal isometric force, large number of the researchers obtained variability coefficient in the range of 0.85 to 0.99 [22] , [23] , [27] which is considered to be almost perfect reliability [30] . Very high reliability of isometric F max measured on knee extensors of a single leg by test-retest method was also found in the research of Vitasalo and associates [22] [23] , [24] , [26] , [31] . In Mirkov's research [32] reliability was established for the majority of isometric tests of hand flexors, ICC coefficient was measured in the range of 0.6 to 0.8, and even though 6 weeks passed between the pre-and post-tests, the reliability of RFD and F max was satisfying.
CONCLUSIONS
The results yielded highly acceptable rates for the indicators of sensitivity, reliability and validity at the significant level of p<0.001. On general level, the factor analysis demonstrated the highest reliability of the F-t curve measured contractile characteristics -95.87% to 97.81% of the explained total variance in the population of the tested males, and 94.86% to 96.40% in the population of tested females. The standardization of the seating leg extension test in isometric testing conditions requires a minimum of three trials for F maxLEGEXTISO , where the result is the better value taken at the second or third trial.
The measure of sample adequacy in both genders (KMO-MSA) is highly significant for F maxLEGEXTISO (marvelous), RFD BASICLEGEXTISO (meritorious) while it is slightly lower for IndexSNG BASIC and tF maxLEGEXTISO (middling), which indicates that the obtained results for the measured sample can be accepted as a population valid [20] .
The obtained results show that the applied measuring procedure and used measuring instruments, i.e. tensiometric probe device with the following hardware and software system, as well as measuring variables which represented the basic contractile characteristics of leg extensor isometric force in seating position, are highly statistically reliable (Sperman-Brown r was 0.715 to 0.967 for males and 0.713 to 0.941 for females) and can be reliable in the function of specialized and sophisticated measuring equipment for testing well and highly trained athletes.
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